Knowledge of the cyclicity features in the fluctuations of river runoff, duration and nature of the low-water and high-water period interchange in one or other river basins, and especially their prediction, provides invaluable assistance in the planning and sound management of water resources, improving the operational efficiency of hydropower, reclamation and other water facilities. Currently, the interest in the study of long-term cyclical fluctuations in river runoff, as well as patterns of fluctuations of its underlying factor, has highly increased due to their use in long-term forecasts.
Physical and geographical features of the Ukrainian Carpathians river basins
Ukrainian Carpathians are the territory of Ukraine (6% of the total area) located in the west and south-west and are the part of the great Carpathian mountain system (Carpathian arc) in Central Europe. In addition to Ukraine, they cover Poland, Slovakia, Czech Republic, Hungary and Romania. In Ukraine, the mountains spread from the southeast to the northwest at nearly 300 km in length and the width of 100−150 km (Sosyedko et al., 2010 , Romaschenko et al., 2002 .
The mountain relief makes a significant impact on the climate of the Ukrainian Carpathians -moderately continental with excessive and sufficient moisture, mild winters with thaws, unstable long spring, cool summer and warm autumn. There is a vertical climatic zoning that affects the interaction between the radiation and circulation processes. Here, the Atlantic and transformed continental air masses dominate. Anticyclonic circulation prevails over the cyclonic one.
Cyclones, which come from the Mediterranean, are accompanied by significant rainfall and strong winds. In mountain areas of the Ukrainian Carpathians, the annual average precipitations are 1,100−1,800 mm, in the foothills − 800−1100 mm, and in the lowlands − 650−800 mm (Hrebin', 2010 , Balabukh et al., 2015 .
The river runoff distribution in the Ukrainian Carpathians in general repeats the distribution of precipitation. The average annual river runoff increases from 150 mm in the lower areas up to 350−600 mm in the foothills and reaches 800−950 mm in the mountains. Here, the most dense river network in Ukraine is formed -1−1.2 km / km 2 (Romaschenko et al., 2002; Sosyedko et al., 2010) . The main Carpathian watershed separates the basins of the rivers of different directions: the River Dniester and its main tributaries Stryy, Svicha, Tysmenytsya, Bystrytsya, Limnytsya as well as Danube tributaries Siret and Prut with Cheremosh to the north and north-east; and a tributary of the Danube, the River Tisza, with its main tributaries Teresva, Tereblia, Rika, Borzhava and Latoritsa falling from the mountain area to the south and southwest ( Fig. 1) .
Fig. 1
River basins of the Ukrainian Carpathians
It is necessary to stress the particular importance of analysing the temporal variability of Ukrainian Carpathians river runoff (Tisza, Dniester, Prut and Siret) . First, they are the most abundant rivers of Ukraine, and second, the frequent floods, both in warm and cold periods of the year, qualify this territory as one of the most flood hazard regions of Europe by the intensity of their development and the simultaneous spread over the wide territory.
Background study temporal fluctuations of river runoff
The main features of the long-term fluctuations in the most of hydrological characteristics to a great extent (and sometimes crucially) are caused by the probabilistic nature of changes in the water runoff. Turbulent movement of air in the atmosphere is induced by the unstable meteorological characteristics in time and space. Large-scale atmospheric turbulence generates the probabilistic variability of hydrological characteristics and processes (Drozdov, O., & Grigor'eva, A., 1971) . Another reason for the stochastic nature of river runoff fluctuations is that this process depends on many factors, the combination of which is random. An important element of the random nature of river runoff fluctuations is also associated with incomplete ideas of these factors and their impact on changing the river runoff over time. This is what determines the possibility and effectiveness of using the mathematical statistics tools and probability theory in order to describe the fluctuations of water runoff in rivers (Kajsl, 1972 , Kartvelishvili, 1975 , Vinogradov et al., 2008 .
Within the concept of probability, a change in any hydrological characteristics in different cross-sections along the length of the river is a random process that continuously changes over time. Often in hydrology, certain hydrological characteristics are studied over a certain period of time (e.g., average annual, average for the warm and cold seasons, average monthly water discharge, etc.). These characteristics can take only one value per year and processes of their long-term fluctuations are represented just by one implementation for the period of observation. For this reason, there are random processes for which obtaining statistical conclusions for single implementation is not only possible, but can even be realized with satisfactory precision at sufficient length of such implementation. Long-term fluctuations in each of these hydrological characteristics Q are treated as a random process Q (t) with discrete time t ϵ T, which takes integer values (random sequence). In particular, the value t = 1,2, ..., N can be attributed to the available number of observations for N years; values t = N + 1, N + 2, ... refer to the following periods of time, and the value t = 0, -1, -2, ... refers to the previous periods. In order to describe the process Q (t), it is necessary to know the whole range of functions, the most important of which are: the function of mathematical expectation m(t)=M{Q(t)}; dispersion function D(t) = D{Q(t)} or mean-square deviation σ(t)=√D(t); probability distribution function F(x,t)=Р{Q(t)<х}; autocorrelation function R(t, τ)= corr{Q(t), Q(t + τ)}, etc. (Rozhdestvenskij et al., 1974 , Khristophorov, 1994 Sikan, 2007) .
Many scientists have been involved in the study of longterm runoff fluctuations, mainly its annual values. Much of the research has been devoted to finding the physical nature of river runoff cyclicity, the use of various methods of analysing its variability and mathematical models for describing the structure of time series (Alehin, 1963 , Alehin, 1964 , Drozdov et al., 1971 , Druzhinin et al, 1966 , Kalinin et al, 1967 , Sosedko, 1974 , Luk'yanets, et al., 1999 , Luk'yanets et al., 2008 . Positive results have been obtained by Yu A. Alehin, who for the first time used the apparatus of the random function theory to develop the extrapolation (dynamical and statistical) method of ultra-long-term forecasts of the average annual runoff of a number of rivers and other natural macro-processes (Alehin, 1963 , Alehin, 1964 . Availability of the in-series connection in a series of river runoff was firstly noted by P. A. Yukhymovych, who calculated for a series of river cross-sections the autocorrelation coefficients with time shifts t =1, 2, 3 years. Later, they were represented in more full forms with shift of t =30, in the form of empirical autocorrelation functions applied by I. P. Druzhynin to identify cyclical fluctuations in river runoff (Druzhinin et al, 1966) .
Output data
The greatest success in the study of temporal runoff fluctuations can be achieved if one considers the long-time series of hydrological characteristics in large scale (Alehin, 1963 , Alehin, 1964 , Druzhinin et al., 1966 , Kalinin et al., 1967 , Sosedko, 1974 , Lukyanets et al., 2015 , i.e., the water runoff of large basins which are not significantly affected by random factors and local conditions. River runoff in a closing cross-section is an integral feature of humidifying the basin, which smooths randomness in the mode of precipitation in small areas.
For establishment of the patterns of long-term fluctuations of Ukrainian Carpathians river runoff and given the above circumstances, the average annual runoff values for major rivers were studied: Two hydrological cross-sections were taken from the River Tisza for restoration of the sequences of average annual water discharges at Vylok station for the period from 1883 to 1934 with water discharges at Vásáros-namény station. For these stations, there is a runoff synchronicity along the length of the river, as evidenced by the relationship between the average annual water discharges of two stations with the correlation ratio r = 0.84.
The studied average water runoff Q is considered as a random process Q (t), which is represented by sample x 1 …x N , i.e., set with N of its independent and homogeneous implementations. Independence means that the values x 1 …x N, randomly obtained in N experiments are independent in the aggregate. Uniformity means that all N experiments were conducted in the same conditions and value x 1 …x N is subject to the same probability distribution function F(x, t) = Р{Q(t)<х} (condition of homogeneity of the series). The longer the sample, the more reliable estimate of F(x, t) and its partial characteristics, such as the mathematical expectation and variance. The mean square errors of already made estimates tend to 0 at N → ∞, and the estimates tend (in probability) to the actual values of Q characteristics. At the same time, all implementations must be set with continuous time t of implementation x i (t), for which the process Q(t) is considered (Kajsl, 1972 , Khristophorov, 1994 , Sikan, 2007 .
Estimate statistical homogeneity (stationary state)
Test of the statistical hypotheses of time series homogeneity is the most important issue in practical terms. It should be quite clear about how the accepted theoretical scheme is consistent with empirical data (Rozhdestvenskij et al., 1974 , Khristophorov, 1994 , Sikan, 2007 . Quantitative assessment of intra-series uniformity of the average annual water discharges in the basins of major rivers of the Ukrainian Carpathians is performed by generalised standard parametric criteria: Student to test the significance of the mean values (statistics t) and Fisher to check the relation of variances (statistics F). As given in Table 1 , the hypotheses of the parametric Student t and Fisher criteria about homogeneity of the average annual runoff series in the studied basins in terms of the importance of norms and relation of variance at a significance level of 2a = 5% are not rejected. Only for the River Prut by the city of Chernivtsy, the hypothesis of series homogeneity for a relation of variance with F statistics at significance level of 2a = 5% is rejected, i.e., the difference of the empirical data with the null hypothesis is statistically significant. As to the non-parametric criteria, one of the most stringent criteria -Wilcoxon-Mann-Whitney criterion -is used (statistics of the number of inversions U) ( Table 2 ). Hypotheses about the homogeneity of the sequence of average annual water discharges for this criterion in all the studied basins for the Ukrainian Carpathians are not rejected.
To evaluate the homogeneity of the series of observations of the average annual water runoff, the total integral curves for hydrological stations of Tisza-Vylok; Dnister-Zalischyky; Prut-Chernivtsy ( Figure 2 ) are built.
Relevant charts clearly demonstrate that sudden break points are absent. This indicates the homogeneity of the series of average annual water discharges, i.e., the absence of radical changes in the studied characteristics of water status on the main rivers of the Ukrainian Carpathians. 
Establishment of changes in water runoff in high-water and low-water periods
The apparatus of the random process theory is applied in the hydrological studies for description of the temporal sequences, which examines patterns of random phenomena in the dynamics of their development. Methods of the random process theory are increasingly used in hydrological practice. This is due to the fact that based on the description of the probabilistic structure of long-term changes of hydrological characteristics and identification of the patterns of their cyclical fluctuations, the extrapolation of time series with a view to forecasting is possible. The study of long-term fluctuations of hydrological characteristics includes certain necessary stages (Khristophorov, 1994 , Sikan, 2007 .
The cyclic fluctuations (cyclicity) mean the variability of time series values that have varying degrees of regularity, subject to the existence of mathematical expectations of the parameters of these fluctuations (Rozhdestvenskij et al., 1974 , Khristophorov, 1994 , Sikan, 2007 .
Identification of the spatial synchronicity of the water content
In order to detect the spatial synchronicity of water content in the Ukrainian Carpathians rivers as an indicator of similarity of the studied series internal structure, the combined chronological charts of long-term fluctuations ( Figure 3 ) are built and the correlation coefficients r Q(t) are
Fig. 3
Long-term fluctuations in average annual water runoff of Ukrainian Carpathians rivers
Fig. 4
The chronological sequences of average annual water discharges of major Ukrainian Carpathians rivers and their smoothing Table 3 Correlation ratio of the time series and average annual water runoff of Ukrainian Carpathians rivers identified between the time series of average annual water runoff of the rivers of adjacent basins (Table 3) . As we can see, traced relations are statistically significant.
In addition, in order to identify the synchronous variability of water runoff and presence of random fluctuations in the initial time sequences, which are expressed in the form of waves, the smoothing of the original series is applied. Smoothing is a form of statistical filtering resulting in creation of the time series, in which the spectral components with high frequency of output sequence (or amplitude if waves) decreases. Figure 4 presents the chronological sequences of average annual water discharges of major rivers of the Ukrainian Carpathians (in the form of points -"white noise") and their smoothing. The temporal variability and synchronicity in the structure of the runoff series is clearly visible.
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Fig. 5
Difference integral curves of average annual water discharges in River Tisza -village Vylok, River Prut -city of Chernivtsy, and River Dniester-village Zalischyky
It follows from the foregoing that breach of the stationary condition of the members of x 1 … x N may be manifested in the formation of higher and lower values. In particular, in long-term fluctuations of the river runoff, such break is shown in grouping of the years of high and low water content.
The most common way to identify tendencies of grouping of years with relatively large and small runoff values, which are caused by the intra-series correlation or presence of a cyclical trend, is a graphical analysis of the difference integral curve:
; where modular factor k i -the ratio of , at the same time -the arithmetic mean of the whole series ; -coefficient of variation of the series members; -runoff accumulation curve.
For the analysis of long-term fluctuations, the difference integral curves of average annual water discharges of major Ukrainian Carpathians rivers are built ( Figure 5 ).
A positive increasing amount of deviation (a phase of high water content) on average means an increase of water runoff. A negative decreasing amount (phase of low water content) characterizes the average reduction of water runoff ( Figure 5 ).
Check of statistical reliability existence of water content phase and their duration
The statistical reliability of the existence of such groups (phases of high and low water content) and, therefore, a breach of stationary conditions can be checked by means of criteria of the series (Khristophorov, 1994) . The series should be understood as any part of the sequence n, consisting of elements of the same kind. A series of elements n 1 includes members of the sequence, the value of which exceeds the sample mean (or median) number a, and a series of elements n 2 -the members with less value. The values form a series of higher values if: � ��� < . A series of low values is detected similarly. After determining the total value of the quantity of series u, consisting of the quantity of high u 1 and low series u 2 , the statistics of criterion is calculated: (2) ; with parameters and .
Then, the significance level of criterion |� � | � �(∝ 2) ⁄ is assigned.
The criterion of the series adopts the hypothesis if
⁄ is a normal distribution quantile, which corresponds to the probability of exceeding �(∝ 2) ⁄ . In particular, �(∝ 2) = 2,58 ⁄ at the level of significance ∝= 1%, �(∝ 2) = 1,96 ⁄ , at ∝= 5% and �(∝ 2) = 1,64 ⁄ at ∝= 10%. This means an abnormally low number of the series that indicates a statistically significant tendency to formation of the groups (series) of higher and lower values and the presence of a sufficiently high positive correlation between adjacent members of the sequence. For consistency of water discharges of the River Prut -city of Table 4 Calculation of parameters under the criterion of series for determining the trends to the formation of a series of higher and lower runoff values for major rivers of the Ukrainian Carpathians at significance level of 2a=5%
Chernivtsy, we obtained that |� � | � �(∝ 2) ⁄ at the significance level of ∝= 5% , i.e., with a 5% risk, one can argue that the number of the series was great, i.e., there is a statistically significant tendency of frequent changes in higher and lower values. However, the defined statistics for the River Prut -city of Chernivtsy is statistically reliable |� � | � �(∝ 2) ⁄ at a significance level of ∝= 1%, �(∝ 2) = 1,96 ⁄ , when it does not exceed �(∝ 2) = 2,58 ⁄ .
The statistics of the longest length of series K is used as test statistics of the duration of higher or lower groups of year (Khristophorov, 1994) . It is theoretically proved that for random independent sets the analytical value of the statistical duration of higher or lower groups of years K α is expressed by the formula:
When testing the hypothesis, the empirical value of statistics K is compared with the analytical K α at a certain significance level α. According to the data on the average annual runoff and formation of the series with elements of higher or lower groups for the major rivers of the Ukrainian Carpathians, the hypothesis that the probability structure of the hydrological series meets the model of a random value by the criterion of the longest series K at significance level of 2α = 5% was tested. Analysis of the sequence of the groups demonstrated that the longest length of all the studied basins was related to the series consisting of elements of lower groups, and for the River Tisza -village Vylol and the River Dniester -village Zalischyky their length was 9 years (from 1983 to 1992 and from 1956 to 1964, respectively), i.e., the empirical values of statistics are K = 9 for the River Prut and for city of Chernivtsy, K = 8 (from 1956 to 1963). According to formula (3), the analytical values K α are calculated: for the River Tisza -village Vylok K α = 10.5; for the River Prut -city of Chernivtsy K α = 10.2; and for the River Dniester -village Zalischyky K α = 10.4. Since for all basins K < K α , it means that there are tendencies for groups in water runoff sequences and these trends are statistically significant. It is theoretically proved that the grouping of low-water years for the studied rivers of Ukrainian Carpathians can be 10 ± 2 years.
Structure of the cyclical fluctuations
In order to formalise the long-term fluctuations of annual water runoff of Ukrainian Carpathians rivers as cyclical fluctuations with groups of years of high and low values (high-water and low-water phases) and evaluate their quantitative parameters (duration, intensity), the autocorrelation analysis of time series of average annual water consumption for the River Tisza -village Vylok, the River Dniester -village Zalischyky, and the River Prut -city of Chernivtsy was appropriate and made. Application of this method is based on the acceptance of the hypothesis of stationary processes that cause fluctuations in the studied values.
The autocorrelation function R(t, τ) = corr{Q(t), Q(t + τ)} characterizes the closeness of the relationship between the members of the temporal sequence of water consumption Q(t). The function R(t, τ) is a sequence of linear correlation coefficients calculated with different distances between sections (or shift values) of the average annual water discharges on the time axis data (Rozhdestvenskij et al., 1974 , Sosedko, 1974 , Khristophorov, 1994 , Sikan, 2007 , Lukianets et al., 2008 .
; where α -probability (in fractions of 1), along with which in sampling by volume in n members one can meet a series of elements of the higher or lower groupings with a length K or more. 
.
������ ���� = �������������� ��� ����� .
For better spatial comparison of the results, the ordinates of the autocorrelation functions are calculated as normalised values (Sosedko, 1974 , Sikan, 2007 . As a normalising factor, in this case, we took a variance D Q of sequence Q(t). Then, the correlation k Q (τ) and the autocorrelation function R Q (τ) of a stationary random process were estimated by the formulas:
rivers as cyclical fluctuations with groups of years of high and low values (high-water and lowwater phases) and evaluate their quantitative parameters (duration, intensity), the autocorrelation analysis of time series of average annual water consumption for the River Tisza -village Vylok, the River Dniester -village Zalischyky, and the River Prut -city of Chernivtsy was appropriate and made. Application of this method is based on the acceptance of the hypothesis of stationary processes that cause fluctuations in the studied values.
The autocorrelation function R(t, τ)= corr{Q(t), Q(t +τ)} characterizes the closeness of the relationship between the members of the temporal sequence of water consumption Q(t).
The function R(t, τ) is a sequence of linear correlation coefficients calculated with different distances between sections (or shift values) of the average annual water discharges on the time axis data (Rozhdestvenskij et al., 1974 , Sosedko, 1974 , Khristophorov, 1994 , Sikan, 2007 , Lukianets et al., 2008 . For better spatial comparison of the results, the ordinates of the autocorrelation functions are calculated as normalised values (Sosedko, 1974 , Sikan, 2007 . As a normalising factor, in this case, we took a variance � � of sequence Q (t). Then, the correlation � � (�) and the autocorrelation function � � (�) of a stationary random process were estimated by the formulas:
where: n -length of implementation (number of series members); ; where n -length of implementation (number of series members); τ -distance between the sections; of statistics are � = 9 for the River Prut and for city of Chernivtsy, � = 8 (from 1956 to 1963) . According to formula (3), the analytical values � � are calculated: for the River Tisza -village Vylok Kα = 10.5; for the River Prut -city of Chernivtsy � � = 10.2; and for the River Dniestervillage Zalischyky � � = 10.4. Since for all basins �<� � , it means that there are tendencies for groups in water runoff sequences and these trends are statistically significant. It is theoretically proved that the grouping of low-water years for the studied rivers of Ukrainian Carpathians can be 10 ± 2 years.
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In order to formalise the long-term fluctuations of annual water runoff of Ukrainian Carpathians rivers as cyclical fluctuations with groups of years of high and low values (high-water and lowwater phases) and evaluate their quantitative parameters (duration, intensity), the autocorrelation analysis of time series of average annual water consumption for the River Tisza -village Vylok, the River Dniester -village Zalischyky, and the River Prut -city of Chernivtsy was appropriate and made. Application of this method is based on the acceptance of the hypothesis of stationary processes that cause fluctuations in the studied values. The autocorrelation function R(t, τ)= corr{Q(t), Q(t +τ)} characterizes the closeness of the relationship between the members of the temporal sequence of water consumption Q(t). The function R(t, τ) is a sequence of linear correlation coefficients calculated with different distances between sections (or shift values) of the average annual water discharges on the time axis data (Rozhdestvenskij et al., 1974 , Sosedko, 1974 , Khristophorov, 1994 , Sikan, 2007 , Lukianets et al., 2008 . For better spatial comparison of the results, the ordinates of the autocorrelation functions are calculated as normalised values (Sosedko, 1974 , Sikan, 2007 . As a normalising factor, in this case, we took a variance � � of sequence Q (t). Then, the correlation � � (�) and the autocorrelation function � � (�) of a stationary random process were estimated by the formulas:
where: n -length of implementation (number of series members);
-arithmetic mean (assessment of mathematical expectation). (4)
. It should be noted that in case of an increase in τ, the common period in which the pair correlation coefficient is estimated decreases. Therefore, sampling ordinate errors of the autocorrelation function (Sikan, 2007) inevitably increase. In practice of the hydrological calculations, the following restrictions are assigned for shift τ: Therefore, the scope of shift values is taken from τ = 2 to τ = 30, given the length of implementation n for studied sequences of average annual water discharges (the number of series members is 130 years for the River Tisza -village Vylok, 118 years for the River Prut -city of Chernivtsy, and 131 years for the River Dniester -village Zalischyky ).
To assess the statistical significance of the defined ordinates of the autocorrelation function, the confidence limits CL R(τ) 95% of exceedance probability were defined (Table 5) as follows (Sosedko, 1974 , Lukyanets et al., 2015 : Table 5 Confidence limits (CL R(τ) ) 95% of probability of exceedance of the autocorrelation functions of average annual water runoff for the major rivers of the Ukrainian Carpathians River -hydrological station CL R(τ)
Lower limit Upper limit 1 2 3
River Tisza -village Vylok 0.14 0.16
River Prut -city of Chernivtsy 0.14 0.16
River Dniester -village Zalischyky 0.14 0.15
Fig. 6
Correlogram of time sequences of average annual water consumption for the River Tisza -village Vylok, the River Dniester -village Zalischyky, the River Prut -city of Chernivtsy
When analysing the correlograms R Q (τ) for the River Tisza -village Vylok, the River Dniester -village Zalischyky, and the River Prut -city of Chernivtsy (Figure 6 ), one can mark features in their structure. The consistent course of functions R Q (τ) is traced, which, depending on the shift value, takes positive or negative values. As part of the accepted implementation area (from τ = 2 to τ = 30 years), the functions reach maximums at certain points and between them it is reduced to negative values. Table 6 shows the evaluation of cyclicity in the form of cycle duration -number of years -that exceed confidence limits of 95% probability of exceedance or close to them. It is believed that these estimates represent through frequency of average annual water discharges the natural fluctuations in water content of studied river basins. The presence of distinct cyclicity of the autocorrelation functions indicates that the structure of time The predicted values with standard deviations in phase water content (m 3 · s -1 ) (in water discharges in phases)
Table 7 Average water consumption for period of water content phases and prediction estimates of the runoff of major rivers of the Ukrainian Carpathians for the period until 2050 series has stochastic dependency between their elements and real continuous cyclical fluctuations, which are not accidental in terms of their origin.
When reviewing the estimates of cycles, it is revealed that some river basins are grouped by repeatability of water content levels. Thus, in the basins of Tisza, Prut and Dniester, the cycles with a duration of 3, 7 and 29 years dominate. The first of them relates to the rain floods in the Carpathian Mountains, which form the internal peaks in the basic cycle (or phases of water content). Basic cyclicity of 29 years is a repeatability in this cycle of years groups with high and low water content (high-water and low-water phases).
Prediction estimates of the Ukrainian Carpathians river runoff fluctuations
For the prediction estimates of water runoff fluctuations, the water content phases were allocated in the runoff series of the River Tisza -village Vylok, the River Dniestervillage Zalischyky, and the River Prut -city of Chernivtsy, given the basic cycle frequency (29 ± 2 years), the defined duration of low-water phases (10 ± 2 years) and that there is a spatial synchronicity of water runoff in the stated basins. For reliable assessment of runoff fluctuations, the periods of phases were taken similar for all basins by terms of time limits and chronology. Table 7 presents the periods of high-water and low-water phases, average water discharges for periods of the water content phases and prediction estimates for the major rivers of the Ukrainian Carpathians for the period until 2050 with indication of the standard deviations in the water content phase and variation in water consumption inside the phases. Figure 7 presents a graphical representation of the obtained results.
major rivers of Ukrainian Carpathians and rivers in their basins ( Figure 8 ) were built. Analysis of Figure 8 demonstrated that internal cyclical fl uctuations of river water content in the basins of major river systems had an identical structure. Using the limits for high-water and low-water phases of major rivers (River Tisza -village Vylok, River Dniester -village Zalischyky, River Prut -city of Chernivtsy), the average water discharges in the water content phase were defi ned for rivers of each large basin wherein the water runoff was observed. As the calculations demonstrated there was a clear cyclical variability for all the rivers, which was similar to major river systems and is well Fig. 8 Combined difference integral curves of average annual water discharges of major rivers of the Ukrainian Carpathians and rivers in their basins In order to understand the variability of river runoff within the major basins of the River Tisza -village Vylok, the River Dniester -village Zalischyky, and the River Prut -city of Chernivtsy, the combined diff erence integral curves of average annual water discharges of And the right bank of the River Dniester: River Tisza ±3 ±4
River Prut ±11 ±7
River Dniester ±7 ±8 evident in Figure 9 , which demonstrates the ratio of average long-term water discharges of rivers separately for Tisza, Prut and Siret, Dniester and their values in the periods of high-water and low-water phases.
Probable errors in determining the average water consumption in high-water and low-water periods are generalised in Table 8 . They are presented as a percentage and determined by the ratio of values of average water discharges in corresponding water-content phase.
The proposed regression equations (8)− (13) were tested according to the data of previous years at hydrological stations for the rivers of basins of Tisza, Siret and Prut, and
As follows from 
; where n -number of prediction estimates within the limits of probable deviations; N -total number of made estimates.
Dniester with the definition of the probability of non-exceedance of the permissible deviation in high-water and low-water phases, which is defined by the formula:
Availability of predictive estimates under their verification by the actual average data for rivers of Ukrainian Carpathians was 94% for high-water periods and 75% for low-water periods.
High availability of the proposed equations and significance of built relationships (approximation of all reaches R 2 = 0.99) enabled us to generalise probable average water discharges, which can be expected in the high-water and low-water phases of the cycle, depending of their average long-term values (Table 9) . The obtained results (see Table 9 ) can be used for predictive estimates of the possible values of average runoff in high-water and low-water phases of the water content of any river of the Ukrainian Carpathians. For example, the river in Tisza basin has average long-term water discharges of 11.0 m 3 ·s -1 . Then, the average water discharges in the high-water phase (e.g., 2021−2037 ÷ 38 years) is expected to be 11.93 m 3 ·s -1 (interpolation between the values of 10.85 and 13.01 m 3 ·s -1 (according to Table 9 ), corresponding to the values of average long-term water discharges of 10.0 and 12.0 m 3 ·s -1 ). Taking into account the probable error, which is 3% for the high-water phase from the expected value (Table 8) , the prediction estimation is 11.93 ± 0.36 m 3 ·s -1 , i.e., in the range of 11.6 to 12.3 m 3 ·s -1 .
Similarly, in the studied river with average long-term water discharges of 11.0 m 3 ·s -1 in the low-water phase (2038−2048 ÷ 49 years), it is expected to be 9.8 ± 0.39 m 3 ·s -1 , i.e., in the range of 9.4 to 10.2 m 3 ·s -1 .
Conclusions
Thus, it could be stated that numbers of the runoff characteristics of the studied basins are similar in terms of the structure and the common pattern of stochastic relationships and cyclical fluctuations are inherent in them.
High reliability of the cycles with periods of 29 ± 2 years demonstrates a stable frequency of high-water (17 ± 2 years) and low-water periods (10 ± 2 years). That is to say, the features found in the structure of time series of the water runoff characteristics can be qualified as cyclical. That is what made it possible to provide prediction estimates of water content of the major rivers of the Ukrainian Carpathians and rivers in their basins. Until 2020−2021, the low-water phase will continue, and then the high-water phase with the duration of 16−17 years can be expected, and from 2037−2038, the low-water level will again continue until 2048−2049.
